Caffeine intake has been hypothesised to be influential in the pathology of gynaecological disease due to its ability to influence estradiol. 6, 11 A recent meta-analysis including eight studies, however, found no evidence that coffee/caffeine intake increased endometriosis risk (relative risk 1.18, 95% CI 0.84, 1.42) for any vs nonconsumption. 12 However, six out of the eight studies evaluated only retrospective caffeine intake making recall bias a potential concern.
Like caffeine, alcohol intake is hypothesised to alter reproductive hormones via aromatase activation, increasing the conversion of testosterone to oestrogen. Prospective studies among premenopausal women with repeated well timed measures across the menstrual cycle have documented such a link. 13 Additionally, alcohol has been shown to increase the body's inflammatory response. 14 Despite well documented endocrine immunological responses to alcohol, epidemiological studies assessing the role of alcohol on endometriosis risk are equivocal, 8, 15 perhaps due to different study designs and the difficulty in capturing alcohol prior to disease development given relatively long latency (7-11 years) between symptoms and diagnosis.
Tobacco may alter aromatase as well as increase the body's inflammatory response. 16, 17 One systematic review concluded there was no association between smoking and endometriosis; however, most studies included in the analysis were based on self-report and report crude estimates of association. 18 While physical activity has been shown to reduce many diseases in women, including gynaecological disorders, 19, 20 high-intensity physical activity has been linked to reproductive disorders including anovulation and infertility. 20 Epidemiological studies assessing physical activity's effect on endometriosis appear to show a protective effect, but there have been conflicting results. A systemic review noted that the differing results could be due to study design or confounding. 8 Additionally, as with other life style factors, capturing exposure prior to disease is difficult due to the long latency period of endometriosis.
Understanding whether modifiable life style factors are associated with gynaecological disorders such as endometriosis could provide health care providers and women with tools to reduce the incidence and burden of disease. The aim of this study is to evaluate the relationships between caffeine and alcohol intake, smoking, and physical activity levels reported prior to the diagnosis of endometriosis.
| ME THODS

| Study population
The study population comprises 495 women enrolled in the operative cohort of the Endometriosis, Natural History, Diagnosis and Outcomes (ENDO) study (2007) (2008) (2009) Current smoking status was determined via serum cotinine in baseline serum, the gold standard for capturing current smoking status.
21
Women with serum cotinine ≥10 ng/mL sere categorised as smokers and those < 10 ng/mL categorised as non-smokers. 21 Women with serum cotinine ≥10 ng/mL were further categorised into quartiles.
Physical activity was assessed using the International Physical
Activity Questionnaire-Short Form (IPAQ-SF). and (ii) total days of activity. Since a woman could potentially record having done 7 days of vigorous activity, 7 days of moderate activity, and 7 days of walking, the range of scores for days of physical activity is 0-21. Thus, we chose to replace the term "days" with "occurrences".
| Endometriosis diagnosis
Surgeons completed standardised operative reports immediately after surgery to report primary and other post-operative diagnoses: normal pelvis, endometriosis, uterine fibroids, pelvic ad- factors (caffeine, alcohol, smoking, and physical activity) and incident endometriosis diagnosis. Factors known to influence caffeine, alcohol, smoking, and physical activity exposure and endometriosis were considered as potential confounders. We fit parsimonious regression models, adjusting for age in years, marital status (yes/no), education (college or above/high school or less), race/ethnicity (white/nonHispanic vs other), along with full regression models, additionally adjusting for age at menarche in years, gravidity (yes/no), body mass index, study site, and relevant life style factors (eg, for alcohol, caffeine, serum cotinine, and physical activity were adjusted for). Given relatively long latency of endometriosis, we reasoned that pelvic pain may also confound the association between life style factors and incident endometriosis diagnosis; thus, we additionally conducted a sensitivity analysis adjusting for pelvic pain. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
| RE SULTS
Among the ENDO operative cohort, 190 women (40%) were diagnosed with incident endometriosis. The majority of the study Table 2 ).
In both the parsimonious and fully adjusted models, the association between current alcohol or caffeine use (yes/no) or drinks consumed per week (none, 1, 2, or ≥3) and endometriosis was largely null; as was smoking assessed via serum cotinine concentrations (Table 3) . While the association between weekly occurrences of physical activity, and total walking, moderate, and vigorous activity MET-minutes/wk was largely null (Figure 1 A,C,D,E) decreased daily minutes of sitting was modestly associated with a reduced risk of endometriosis (P-trend = 0.18; Figure 1B ). Findings were similar after further adjustment for pelvic pain.
| COMMENT
| Principal findings
In this novel study of women with no prior endometriosis diagnosis who were enrolled irrespective of clinical indication for laparoscopy/ laparotomy, and whose life style factors were captured prior to diagnostic and/or therapeutic laparoscopy/laparotomy, we found largely no association between alcohol, caffeine, smoking, and physical activity and endometriosis. We found a modest positive association between time sitting and endometriosis risk.
TA B L E 2 Primary reason for surgery among women with an incident endometriosis diagnosis (n = 190)
Primary reason for surgery
Endometriosis (n [%])
Tubal ligation 8 (4)
Pelvic pain 120 (63)
Pelvic mass 26 (14)
Infertility
(4)
Prior history of fibroids 9 (5) Menstrual irregularities 20 (10) TA B L E 3 Risk ratios (RR) and 95% confidence interval (CI) for incident endometriosis diagnosis among women enrolled in the ENDO study by report of caffeine/alcohol intake and serum cotinine (n = 473) Model 1: Adjusted for age, marital status (yes/no), education (college or above/high school or less), race/ethnicity, and other life style factors (eg, for alcohol, caffeine and serum cotinine were adjusted for). Model 2: All in Model 1 plus age at menarche, gravidity (yes/no), body mass index, physical activity and study site.
| Interpretation
Our null finding between alcohol intake and incident endometriosis is in contrast to a recent meta-analysis, which reported a 1.2-fold (95% CI 1.1, 1.4) increased the risk for endometriosis among women with any alcohol intake compared to those with no alcohol intake. 15 While our results were largely null, women in the ENDO study reporting >3 drinks/wk did show a higher adjusted risk of endometriosis compared to women consuming 1 or 2 drinks/wk. Only 23% of the women in our study reported any alcohol intake, compared to the national average of 54% women ages 18 to 44 years who report drinking alcohol in the past 30 days. 28 Consequently, our study may be limited by a somewhat lower exposure prevalence.
This study showing no clear associations between caffeine intake and endometriosis corroborates with a recent meta-analysis of eight studies, 12 which concluded that there is a null association between caffeine intake and endometriosis. However, most of the studies in this meta-analysis assessed coffee consumption only and assessed intake among women already diagnosed with endometriosis. We assessed multiple sources of caffeinated beverages including coffee, tea, and caffeinated soda and captured exposure prior to endometriosis diagnosis.
The findings regarding smoking and endometriosis are also corroborated by a recent systematic review and meta-analysis, 18 which found no association between smoking and endometriosis, even amongst the heaviest users. The researchers of this meta-analysis noted that most of the included studies relied on self-reported exposure data. The ENDO study used serum cotinine biomarkers to quantify smoking status, thus eliminating reporting bias.
Prior literature investigating endometriosis and physical activity has not been conclusive, although the majority of studies have trended towards physical activity being protective. 29 A case-control study among 186 women found that moderate physical activity reduced the probability, albeit not significantly, of incident endometriosis. 30 A second case-control study with a larger sample size of 812 individuals found that frequent and high-intensity physical activity in the 2 years prior to the reference date was associated with a decreased risk of incident endometriosis. 31 In the prospective Nurse's Health Study II, researchers found a reduced risk, albeit nonsignificant, among those with the highest levels of physical activity compared to the lowest levels. 32 Our study found a lower aRR for 6-9, 9-12, and >12 occurrences of physical activity compared to <6
occurrences but inconsistent findings with IPAQ-defined moderate and vigorous activity compared to referent lowest activity. We did find a more consistent positive relationship between total time sitting and endometriosis risk, in line with other studies showing the adverse effects of prolonged sitting time. 33, 34 While we adjusted for measured BMI given its inverse association with endometriosis, further attention is needed in determining the underlying causal structure for empirical testing.
F I G U R E 1 Adjusted risk ratios (95% confidence interval) of endometriosis among women enrolled in the ENDO study by report of physical activity using the International Physical Activity Questionnaire-Short Form (IPAQ; n = 473). Models adjusted for age, marital status (yes/no), education (college or above/high school or less), race/ethnicity, alcohol consumption, serum cotinine, age at menarche, gravidity (yes/no), body mass index, and study site. For n (%) see Table S1 .
| Strengths of the study
Collecting life style and sociodemographic/health information prior to outcome assessment is a strength of our study. While gynaecological disorders likely had an onset prior to the time of assessment, interviews taken prior to diagnosis of incident endometriosis assessment limited recall bias. Additionally, we were able to confirm diagnoses visually by experienced surgeons.
| Limitations of the study
Limitations of our study include lack of geographical diversity, moderate number of participants, inclusion of participants who were already symptomatic, and self-reported alcohol/caffeine intakes as well as physical activity participation. Our population also had lower rates of alcohol and caffeine consumption as compared with the rest of the United States.
35,36
| CON CLUS IONS
We found that while caffeine and alcohol intake, serum cotinine, and physical activity were not linked with endometriosis, a modest association between sitting time and endometriosis was found.
The null findings with caffeine and smoking corroborate with prior research among women with prevalent endometriosis. However, due to inconsistencies in research to date, more studies are needed to further elucidate the relationship between alcohol (including type), physical activity, and risk for endometriosis prior to incident diagnosis that also account for well-known confounding factors. 
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